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CBJECT. 

The    object   o-f   this  ^'ork  was    to    study   the 
conditions   ^nd   determine  ^^hich   conditions   are 
the   best    for   the    extraction   of    pot'-^sh  alura 
froiii  alunite.         If    such   process,    usin^   the    con- 
ditions   thus   determined,    is    ewployed,    the    ex- 
traction  of    the   alujrii  will    oe  more   economical 
than  methods   heretofore   used,    most   of  which 
require   a    sulphuric   acid    le^chin;    solution  and 
■generally   require   a    source   of   potash  other   than 
the   alunite    itself. 

At   present    the    sources   of   potash    salts 
seem   to    be    ^^ro^inj    smaller    in   number    so    that  any 
ne^A'    source   of    potash  or   potash  alum   is   very  val- 
uable. 

Alunite,    ccntainin/g   as    it    does    the    elements 
of   potash,    aluminum  and    the    sulphate    radical, 
is   a    source   not    only   of   potash    salts,    'out    of 
potash  alum,    the    value    o-f^  ^^^hich   can   be   under    _ 
stood    -Prom  a    review??   0"^    its    varied    industrial 


uses.         jrTo'oa  bly   the    three    ^re-^test   uses   of 
^jotash  alum   are    in   fie    dyeing   industry  '"here 
it    is  used    b  s   r    njordgnt;      in   the    tanning   in- 
dustry where    it    is  used    in   place    o-f"   a    tan- 
ning agent    in   the   preparation   of    light    skins; 
and    in   the   paper    industry  where    it    is   used 
in   connection  vith   some    suostance    such  as    ro- 
sin  or    casein  as   a    sizing  agent.         Alum   is 
also   used    extensively   in  preparing   non-'f^lam- 
mahle    cloth  and   "wroo,    in  v-ater  proofing   cloth 
by    the    formation   of   an  alum    soap   or  gelatin 
precipitate,    and    in  ineaicine,    butter   coloring 
and    so    forth. 

With   these    large  markets    for  alum   open, 
it    is    evident    that   a   method    ■f'or    the   extrac- 
tion  of   alum   from    the    relatively    cheap   alunite 
is  worth  '.vhile    commercially. 


HISTORY  OF   THE  PROCESS. 

So    -f-^r   the   alum  mBnu-^f^ctuv^o    in   this    coun- 
try  ^jrevious    to    the  ^"^v  ^^'as   liig.de    ^roui   domestic 
alumina    f^nd    imported    potash.         Deposits   of   ^1- 
unite    have    no-"    ueen   found    in  Utah  and    these 
deposits    cgn  pro'f'i tgbly  'oe  used    as  a    source 
of   alum. 

The   history   of    the   process    of   manufactur- 
in:^  potash  alum  from  alunite    in    foreign   coun- 
tries  ha-   heen   reviewed    in  Bulletin    ^20-K   is- 
sued   oy    the  U.S.G.S.         The   facts    given   in 
this    bulletin  are     ;iven   in   the    follo^^'ing. 

In   Sicily    the   alunite    is  made    into   heaps 
and    calcined    in   the    open  air.         At   Tolfa . 
where    the    ;,.anu-facture    is    carried    out   on  a 
larger    scale,    the  material    is    roasted    in   fur- 
naces   like    lime   kilns.         The   material    is   heat- 
ed   in    lar^e    pieces    by    the    flarue    ^'ithout    direct 
contact   i"'ith   the   fuel   until    sulphur   dioxide   be- 
gins   to    escape.         The    calcination   requires 


a'bout    three   hours,    the   mass    losing   about 
thirty-five   percent    in  T.?ei^ht.         Luring   the 
i.'5nitiO''i    the    excess   of   «lu(iiina    "beyond    that 
necessary   to    produce   alum    is   rendered    insol- 
uble  and    no    longer  has    the   property   of   precip- 
itatin:^   basic    sulphate    froio   solution.         The 
calcined   mass    is   exposed    to    the   air   on   a    clay 
floor   for    some   veeks   durin:^  which   time    it    is 
occasionally   jnoistened.         The   mudlike    product 
is   agitated    in    boilers   at    seventy   degrees    cen- 
tigrade   and    the    clear    dpcanted    liquid    of   den- 
sity  ten    to    twelve    degrees  Baume    is   evaporated 
to    thirty-t^^o    degrees   B'-^ume   and    crystallized 
in    small   wooden   tubs.         kny  iron   present    is   in- 
soluble  and   Kjay   be      separated    by   recrystal liza - 
tion.         In   this  ^'ay    "Poman   Alum"   ""^as    largely 
produced. 

At   present    the    treatment    of   ^lunite  -o^ith 
sulphuric   acid   and    potassium   sulphate    is    large- 
ly used    in  preparing  alum.         Several  methods 
of   procedure   have    been   recommended    for    this 
process. 


••  '      Cn    the    i.^nition   0"^*   ^lunite    the    -free 
aluinino    is   f'irst    rendered    .anhydrous   and    sol- 
uble   in    sulphuric    acid.         At   a    higher    temper- 
ature   the    basis    sulphates    become    soluble.    V.ut 
if   the    temperature    rises    too   hi'^h,    the   aluiaina 
becoij'ies   vitrified    and    insoluble.         I,^nition 
for   three    hours   at    ei-^ht   hundred    de.grees   centi- 
grade  has    been   recofunended    as    the    best   irieans 
of   rendering    the   maxirauiQ   o^    i-oth   these    substanc- 
es   soluble.         The    composition   of    the    calcined 
mass   is    determined    and    sulpnuric   acid    is  used 
in   proportion   to    the   ainount   of    soluble    sulphate 
present.         JJ^or  a    product   of   the    follo^'ing   com- 
position: 

Potassium   sulphate    -----    -14< 

A  luxai  num   su  Ipha  t  e    (as   a  lu..  - )    - .  5  5  J 
Ferric   oxide    --------    •  ^^ 

Free   aluminum    sulphate    -    --    -1^2  _- 

Siliceous   resi 


idue oi-^o/lOO^'^, 


the  follo^'^ing  proportions  would  be  most  satis- 
factory.   Into  a  clay  oven  is  poured  t^-elve 
and  a  half  tons  of  sulphuric  acid  of  fifty-tAJ^o 
der-'rees  Baume  diluted  to  thirty-t^"0  degrees 


Baurae  srid   heated  to  eighty  or  ninety  degrees 
centigrade.    Eight  tons  o'f'  the  calcined  ma- 
terial is  then  added  in  portions  Bn6   veil  stir- 
red.   After  the  "'hole  has  been  added,  the 
liquid  is  le^ft  for  t-^o  bours  and  then  evapor- 
ated to  thirty-ei  2;ht  degrees  Baume  and  treat- 
ed with  ti'"o  and  seven  tenthstons  o'^  potassium 
sulphate.    '^he  process  up  to  this  point  occu- 
pies about  ten  hours.    After  a  further  period 
of  thirteen  hours  the  clear  liquid  is  decanted 
off,  its  density  should  not  exceed  forty-t^o 
degrees  Baume.    The  muddy  liquid  remaining  is 
reduced  to  t^^enty  four  degrees  Baume  by  the 
addition  o"f  mother  liquor  froxo  a  previous  crys- 
tallization, stirred,  allo'^'^ed  to  settle,  drsv^n 
o^^f  cleai;  raixed  ^"ith  the  firsy  decantate,  and 
crystallized  in  a  vat.    After  one  day  the  crys- 
tals are  removed,  dissolved  and  recrystallized . 
The  muddy  residue  is  crystallized  out  for  a 
■f*urther  crop  of  alum.    The  total  yield  of  al- 
um is  about  t'wo  and  one  third  times  the  origin- 


al  v;ei5ht   of*   ore.         The   insoluble   matter    con- 
tains   three   xjercent    alumina    and    two   and    one 
one    'lundredth  percent      ^DotassiuKi   sulphate    in 
addition   to    silica   and    so    forth. 

Accordin;?   to   another   investigator   the 
best    tejQper^ture    for   the   roast  in-;   is   five    hun- 
dred   decrees    centigrade   nnd    the    acid  used 
should    have   a    density   bet\i"een    1.^97  and    l.?^50. 

An   outline    of    the    process    of   extracting 
alum   f-^ora  alunite    at    the  Australian   deposit 
of   Lulladelah   is   as   follo^'^'s:       the   mineral    is 
ground    and    then    calcined    in    reverhratory    fur- 
naces   to    dehyd'-ate   and    drive    o^'f  p?^rt   of   the 
sulphur   trioxi'ie.       It    is   next    treated   i"ith   a 
■^eak    solution   of    sulphuric    acid    in    lead    lined 
tanks   heated    to   boiling  by    steam   jets.         The 
liquor    is   allrwed    to    settle    in    the    same   vats 
and    the    clear    solution    is   run    into    crystallig» 
ing    t'-finks  ^"hich  are   kept    in    constant   agitation 
^i^hile    cooling.         Here    the   alum   cr.y  stallizes 
out  while    the   aluminum    sulphate    remains   in    so- 


lution.         The    residue    in    the    r»t    is   foiled 
again  with  '^-nter   and    the    solution    run    o^f 
as^ain   in   the    sarae   ^"^^y.         The    liquor   conta in- 
tin  alurninuiQ   sul^jhate    is    then   returned    to    v^ts 
and    su-fficient    of    the    calcined    material    added 
to    completely   neutralize    any    free   acid.         It 
is   heated    to    the    boiling   point   and    ebullition 
continued   until   partial   reversion   takes   place. 
The    reversion   is   acco^upanied    ^y   a    precipita- 
tion  of    the    hydra  ted    ferric    oxide. 

The   aluin  after   collection    is  ^^-ashed   and 
then   refined    in   vats    similar    to.    but   d  ^-eper 
than   those   originally   employed,    p.nd    the    con- 
centrated   solution    is   run    into    roachin:^   tuns 
in  v'hich   it    is    crystallized.         It    is    then   bro- 
ken up   9nd   packed    ready   for    shipment. 

The   aluminum    sulp-ate,    after   all    the    alum 
has    been    crystallized    from    it,    is    concentrat- 
ed   in    smai:    vats   heated    "by    steam   coils   and    the 
poorer      airades   of   aluminum   sulphate    are    f'ormed 
"by   running   the    liquor   onto    lead    tables  and    break- 


in;^   the    solidifi^-C3   ifi^terial    into    blocks. 
Better   grades,    containing   over    seventeen  per- 
cent  solutle    alumina,    are    cf^st    on    copxjer   trays. 
These    slabs    vary    in    color   from   yellow    to    green 
but   after    ^^rinding   they   hecoii.e    snor-.'  v.hite. 

It    is   prssiVle    hy    the   addition   of   potassi- 
um  sulphate,    to    convert    all   of    the    5=.]uir.ina    con- 
tained   in   the    rock    into    aluir.   if    desired,    hut 
the   ruost    profitable   method    of    treatment  '"hen 
the   tetter    grades   of   aluminum   sulphate    can   "he 
sold   at    standard    prices,    is    to   raake   only  rs 
miuch  alum  as    there    is    sulphate    of   potash  pre- 
sent  to    produce,    and    convert    the    rest    of   the 
almnina    into    soluhle    sulphate    of   alumina. 

By    this   process    the    stone    yields    ahout 
eighty   percent   of   alum.        According  to    the 
statistics  for   the   mining   industry   of  l^e"* 
South  Wales,    the    output   of   alum    for   the   years 
1P5^    to    19Ca  v-'as    valued    at    ^^i^O ,  000. 0^   and 
for    the    years   from   1908   to    the    end   of    1913, 
at    ^190,000.         Since    1908   ahout    one    thousand 
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t-wc    hundred    tons   o^   the    rock   hr-ve   heen   t^.ken 
out  annually   and    shipped    to   England   ^'^here    the 
alurti   could    "be    extracted   vdth  much    less    expense 
than  ^'g  s   possible    in  Australia. 

The   analysis   o'^   elunite    is    evidently   not 
a    constant    thing   in   all    localities    as   most 
authorities    give    varying   results.         Mon-ever, 
"Mineral   Resources'"    ■for    1915   gives   a    definite 
f  0  rmu  la    -To  r   a  lun  i  t  e   as  KqO  .  5A  ^2  •  ^  3  •  ^SC  3.  ^l^  C . 
In    their   book,    "Chemistry    of  Lanufacturing 
Processes",    Eertra/ii  I^lount   and   A.    C-.    Bloxam 
give   &n  analysis   as   follc^'^s: 

SiOr)    -    -     -    -     -     -13.4^ 

Al^C,    --..,-    3P.F^   ^ 
Fer,C3-    -----      .OP^ 


K^C    ------    i?.f^    ^ 


Sfj   -    -    -    -    -    -    50.0   '^ 

H^r    ------      R.S'^ 

Their  description  of  the  process  of  manufacture 
is  evidently  based  on  the  Italiar  process,  as 
they  describe  a  roasting  at  500^ centigrade. 
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THey   state,    ho^'^ever,    that    i^  ^^'f^tev  snd    no   acid 
is  used    in    leaching    the   material,    the    alum 
cryst^l'Jizing  out,    is   n    h?5sic    double    sulphate 
of   the    -Tor/uula  K^C  .  SC  3.  AlpCs^.SCs.         Unlike 
the   ordinary  alum   t>iis   material    has   a    neu- 
tral   reaction    instead    of    the   usual    acid    reac- 
tion  of   alum  and    it    crystal  li^.e  f;    in    cubes    in- 
stead   of    in    the   usual    form.        '"hen    sulphuric 
acid    is   used    as    the    leachin.^   a^ent,    the   usual 
alum    crystallizes    out.         The    neutral    alum, 
however,    is   valuaiie   for   certain   purposes. 

The    literature    or\    the    subject   of   prepar- 
ing alum    from  alunite    is   practically    limited 
to   v'hat   has   heen   given   here.         The   miajcrity 
of   hooks    en    industrial    chemistry   descrihe    the 
process    in   use   at    Tolfa.    Italy. 
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3XPERIiyiENTAL  '"CRIC. 

To    investigate    the    conditions    to   ^^hicH 
the   rilunite    should   he    roasted,    the    -follo-wing 
method   v'«  s    decided   u^jon.         The    sruall   f^mount 
o-f    }iter?5ture    thst  ^^'as   pvf^ilacle   on    the    suh- 
ject   descrihed    roasting   at   anyv^here    ^rom   ^00^ 
centij^rede    to    800°    centi/srade.         In  order   to 
coiae  r'elJ    v^'ithin    these    limits,    it  ^'-as    decided 
to   make    runs    Det-een   400^    C.    and    900°    C.    in- 
clusive.        To    eiiir.inate    any   influence   ^;hich 
8    strong   oxidizing   or   reducin;:^   gtmo sphere  rould 
have  upon    the   ro-^f^tin:?   o^    the    alunite,    the    elec- 
tric  ruffle   ™as    chosen.         Another   factor   in   its 
favor  "ff'as    the    ease  ^ith  ^'hich   temperatures    could 
he   maintained    at   a    constant   value. 

From  preliminary    runs  made    on   a    sample    of 
ground   alunite,    it   ^'/a  s    found    that  v-hen  heated 
for   t^"c   hours   at  approximia tely    900°    C.    no    sol- 
uble  alumina   v;aE   formed.        Upon    evaporating   the 
extraction   from   this   run    to    dryness,    a    yield 
of   21.6^   extracted   matter  ^as    obtained .         This 
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■was   analysed    ?^nd    found    to    1:16   potassium   sul- 
phate.        Since    cur   object  ^vr-e    to    obtain  almn, 
900^    v7?-:i e    thus    established    as   being   pibove    the 
upx^er    limit   of   our   temper'^ ture    ran^^e.         At 
900*^    C.    the    s^-rnple    sboned    a    less    in  weight   of 
^,8"^  after  one   hour   c"*^  heating.         further  he^^t- 
ing   gave   no    increase    in   vol  i  tali  zed  raatter. 
'^he   alunite,    as    received,    "'as    in    large 
luiups.         This  viBs    first    run   through  a    jaw 
crusher   and    the    crus>ied   material   ground    in 
pebrle   mills   until    it    passed    ^    ].?^0  mesh    sieve. 
This  material   v/as    thoroughly  mixed   and   bottled. 
Twenty-five    gram   samples  veve  veighed    -from 
this  material    and    placed    in   roasting   dished. 
In    the   mean   timje    the    electric    furnace   \if-->s   turn- 
ed  on  pnd    brought   up    to    the   decided    temipera- 
ture.         A   num.ber   of   dishes    correRpr  nd  ing   to 
the   nmuber   o"^  hours    the    run  v'a  s    to    cover,    yieve 
placed    in    the    furnace    and    thr    roasting  r^as 
started.         At    the   e-nd    of   each  hour   one   o"^   the 
dishes  ^as    remio^^'ed    and    allo^^ed    tr    cool.        v^'hen 
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ccol    the    ro-'a  steel    -Uunite  '^ss    careful3y    re- 
moved   end   r'ei::hed.         The   di-fference   hetreen 
this  vjeight   and    the    original   wei-^ht   .^Rve    the 
loss   on    ignition.         After   the    l=?st    dish  had 
heen   removed    the    ternper^^ture    of    the    ■f'urnace 
vns    rf^^ised    100°    and    the   entire    procedure    re- 
peated  ^f'ith   fresh    sarr.ples   of   .^lunite. 

The    roDsted    alunite    samples  v^ere    extract- 
ed  v-.'ith   ahout    300    cc's   of  hot   ^"ater.         Trouble 
■pt-as    qt    first    experienced    at    this    point   hy    the 
alunite' s    setting   to   a    hard    rock-like   msss. 
This  '^'as   overcoriie   hy    stirring    the   mass   for   a 
fe'^^  ioinutes  vith  about   half   as   ir.uch  hot  -"vater 
as   had    heen  used   at    the   beginning,    followed 
by    settling,    filtering,    and    a    second    leaching 
of    the   precipitate   v;itVi   a    sxasll    aincunt    of   hot 
v.'ater.         The    cci/ibined    filtrates    from  each   ex- 
tractirn  were    evaporated    to    dryness   on    the   •^at- 
er    bath   and    then   heated    to    110°    for  about   one 
hour   in    the    dryin::;   oven.         This    dried   material 
vas   then    sc3E?a,oed    out,   ^veighed    and    ground    to 
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x^ovv'der   in   an  ag^ste   iiiortRr   and    then   placed    in 
^ei-^hing   bottles.         The    extracted   ''.'ei^ht  "was 
recorded.         From  er.ch   saiople    bottle   a    .5   .^rcirr, 
saruple  -^as    taken    for   analysis.         The    samples 
■were    then   analyzed    ^or    alumina    and    potash. 
The    r.^sults   o^    this  '-'ork    are    sho^n   in    the   data 
sheet. 

The    data    --^ives    the    tirae   and    teraperature 
of   roastin;;^  ■■■'ith   the   percent    loss   in  wei/-;ht 
on    roastin?;,    the   percent    of   dried    extracted 
material,    the    percent   alurainura   sulphate    in 
the    extr-^cted   matter      calculated    froiii    the   per- 
cent   of   alurninui.,   oxide      ■'"ei.^hed,    the   piercent 
of   potassium    sulphate    in   the    extracted    mater- 
ial,   the    calculated   percent    of   aluminurr,      sul- 
phate   and    potassium   sulphate    on    the    ori-;inal 
sample   and    ^roia   these    the    possible   percentage 
of   alum   of    the    formula    K  2ii0  ^  .  Al  ^  {  SC  ^\. '^AV.^^  , 
The    factors   used    in   this    last    calculation   are 
derived   belo^".        From    these    factors   the    ratio 
of  potash  and   alumina    in   pure    alum   is    obtain- 
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ed.         Tne    ratio    of   extracted    potash   to    extract- 
ed  alumin-^    is    then   cnlculs^^ted    for   each  run  and 
ivhichever   is   jjresent    in   a   minority   ratio    to 
the   proi3er   proportion   for  alum   is   used    as   a        j 
hasis   for    calculating   the   possible   yield    of       I 
alum.         The   percent    of   total   potash   extract- 
ed   is   also    calculated    to    be   as    sho^n. 
P.4H2O.K2SC4.  Alp(  SC4  )^  948 


VoSCa  -        174 

P4TI-|0.Ko3C4.Alp(  304)3  94B 


5.45 


=     P.  77 


Alq(SC4)3  ^^'^•^ 

Curves  ^'ere  plotted  for  the  runs  at  six- 
hundred,  seven  hundred,  and  eight  hundred  de- 
grees   centigrade. 

RUN   //I. 
It  ^''as    intended    to    start    at    the    lov^'er   tem- 
perature   range   at    400*^'    C.         In   "beginning    the 
•'vork   it   Avas    considered   advisa'cle    to   use    the    gas 
muffle.         The    sample    of   alunite    used   v>;as   a 
sraall    one   vi-hich  Prof.    kcCcriaack    had.        A   larg- 
er   saiople    of   alunite   had    been    sent    for,    tut 
liad    nrjt    arrived    so    that    this    saiiiple   of  alunite 
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i"as  used    in    the    nelie^   thqt    the    analysis    o^ 
it   ■'^ould    ne   nearly    the    s^^ine   ^s    thn  t   o-^   the 
If^r^er    sample    to    conie.         It  was    soon   found 
th^^t    the    teinpera ture    of    the    y^s   rau-f-fle    could 
net   'oe   kept    crist^nt   belo'w    900°    C.       so    th?3t 
instead    of  iuakin=^    this   run  ^t   400      C.    it 
'A'as  in^de   p>t    900*^    C.         At    the    end    of    the    se- 
cond   'nour    the    sHjo^jle  ■'.'7a  s    found    to    di'f-f'er   in 
no   "?^iy   frciu    the   ■first   hour,    shnvjing    th«t    com- 
plete  reaction  h^d    taken    place    durin,^    the 
first   hour   at    $00°    C.         This    teri^perature    ^ave 
a    coii'iplete   extraction   of    the   potassiuxu  ^'i th- 
ou t   any   alumina. 

It  vas   a-f'ter    this    run   that    it  ras   decid- 
ed   to   use    the    electric   lou-f^fle. 
Lata. 


""'t.    of   ore, 


25    ^r. 
25    '^r, 


teiiip.    of         ti/ne    0"^ 
^roasting.       roasting. 


900°    C. 
900C    C, 


1  hour. 

2  hours. 


percent 

loss    in  ■'•'t 

28.5   ^ 
2P..  5    '^ 


Percent  ex- 
tracted a.a- 
terial_j. 

21.  5   ^-^ 
21.  5   ''^o 


calculated    ""  %  K5SC4    in 

Alo(S04)3    in  extracted 

extracted   rrjateTi?5l.   luaterial. 


0   < 
0   ^ 


100    ^ 
100   < 


IS-. 


RUl-T      ;^2. 
By    this    time    the    sf^rriple    o^^    "lunite   hpid 
'arrived    »nd   ^"p^s   tre'^ted    qs   d-^scrihed.         .'n- 
s lysis    0"^    this   "^??s  mr. de   f?nd    "found    to   he   rs 
felloes : 


SiCp    - 

AI9C3 

.68 

ff 

-    -41.33 

^ 

KoC   5 

-    -10.  ^^9 

f'' 

ITo    tvFjice   of   iron   or  manganese  "'as   found 
01^    the    size    s^rn^jles    ■'^!ei:;hed.         FroJn  Rnp,]ysis 
of   alunite    from   v^^rious   parts    of   the  ^^'orld, 
^iven    oy   various   authorities,    it  ■'""as   "believed 
that   R    ver:v    small    percentai^e,    if   sny ,    sodium 
''.'as   present   and    for    this    reason    it  ^^as   not 
attempted    to    separate    the    alkalies. 

This    run   T-^-a  s  made   at    400^    C,    the    time 
ran^e   heing  up    to    four  hours.         The    loss    in 
weight   and    the    extracted   m'^tter   on   al]    four 
of    these    samples  ^"'a  s   found    to    Vie  insignificant, 
The    exact    fi-^ures   are    £ho'"n   on    the    data    sheet. 
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cf  or( 


<5  TT. 

25  gr. 

25  gr, 

25  gr. 


Ijata.     (Run   ,''2) 


Terrj^.    of 
roasting. 


400^0. 
400°C. 
400^0. 


TiiTie   of 
roasting. 


Calculated  ^ 
Alo(SC4);r  in 
extracted   xna t. 

none 
trace 
trace 
trace 


<  KpSCviin 
extracted 
ma  t  e  r  i  a  1 . 

none 

none 
none 


'^   loss      ^  eX' 

in   v't.    tr^ct' 
ed. 


1  hour.  0  "^ 

2  hours.  0  ^ 

3  hours.  0  "^ 

4  hours.  0  ^ 


Po  ssi'ble 
"^  alum 
vield. 


0  ^^ 
trace, 
trace, 
t  ra  c  e . 


-^  total 

potash 

recovered 


llUK      #3. 
This    run  was  iu?^de   at    500*-' C.    "^'ith  a    time 
range   of    four   hours.         The    results    of    this    run 
iwere   also    negligilole. 

x/3   ucJ  • 


^'t.  of  ore. 

Tem>).  of   Time  of 
roasting.   roasting. 

x^ercent 
loss  in  "'t 

25  :^r. 
25  yv. 
S5  gr. 
25  gr. 

500*^  c. 
500°  C. 
500°  C. 
500°  C. 

1  hour 

2  hours. 

3  hours. 

4  hours. 

1.4  -^ 
2.1  '"■ 
/I.  3  '^ 
/.  6  ^ 

^  extracted 
material 

Oalculnted  ^ 
Al^(sr4)3  i" 

extracted  mat. 

^EpSC4  in 

extracted 

raaterial. 

.  32'-' 

.  6  < 
.8  ^ 

trace 
trace 
trace 
trace 

-3  -  ■  - 

65  -^ 
6  6.  6  ^ 
98  -^ 
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D^ta.  (Run  #3  cont'd.) 


r^ercent  slum 

ijossible. 


Percent  o' 


tct?il  Y 


pOL^ 


extracted." 


A  fourti-i  run  vss  msde  at  ^^OO^C.  and 
•"with  9  time  range  of  fours  snd  st  this  tem- 
per^.ture  the  first  si^i^if  icnnt  q.uf^nti  t-/ tive 
results  '"ere  noticed. 

In  the  previous  runs  the  method  c^  ex- 
tr'-^iCtion  had  heen  to  keep  the  roasted  mater- 
ial in  ?00  cc's  o'f  \vqter  at  ahout  9C'  C.  -^^or 
several  hours.    In  usin;^  this  method  it  •'"as 
found  that  the  alunite  set  pr\d.    formed  a  hard 
cake  in  the  "bottom  of  the  vessel.    Cr\   this 
run  it  '^?as  decided  to  attempt  to  overcome  tM  s 
di-^ficulty  ^y   a  more  rapid  leaching  -"'ith  T"ater. 
The  roasted  material  T^as  covered  T-ith  ahout 
150  cc's  of  ^;ater  v-hich  ".'-^.s  kept  at  ahout  90°  C 
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and    the  -^'-hole   luf^  ss   '"^s    const^^ntly    stirred    for 
a^'OUt    ten  minutes.         It  ""'?,  s    then   allo^'ed    to 
settle    and   w^s   •f'iltered.         The    residue  -""a  s 
again    treated   I'^ith  -^arra  -^ater   as   be-fore   and 
again    filtered.         The    t^'o    filtrates  ^"ere    cora- 
bined.         In   this  •^■>^.y    the    netting   of   the   alu- 
nite    into    the   hard    rock-like   mass  "ras    prevent- 
ed   and,    as   can  be    seen   from   the    data    sheet, 
the    extraction  ^-vas   fairly  e'^ficient. 
La  ta . 

V;t.    of  ore.      Temp,    of        Time   of        <  loss 
_^ roasting.       rca  sting,    in  v;t. 

PJ^   gr.  ^00^'    C.  1    hour  13. -^  ^ 

525   gr.  ^^00°    C.  2   hours.  3  4.0  ^ 

25    gr.  ^00^    C.  3   hours.  14.8   ^-^ 

25    gr.  «00^    C.  4   hours.  If-.SO^"^ 

<  of  Calculated   ^'        ^  KpSC^    in 

extracted      Alp(SC/);,    in        extracted 
ina  terial.       extra  cuea   rfiajt.    ira  terial. 

37    72    "*  ''.  27  '^''  12.  72    ""^ 

5.57   ""^  1^.  74-  "^  81.  2      '^ 

<^.00   ^  19.8  '^.  59.4      ^ 

3.  74   '^  23.3'=i  ^  72.  B      < 

Percent   /lum  xjcssible.  Percent    total  TpSC^. 

__________^ extracted. 

2.34  '^  "  ?3.  9   ef 

2.  58   '^  22.5   -^ 

2.47   !^  17.  7   ^ 

2.42   '^>  13.5   < 


92, 


PUN      •//■5. 
THis    vur,  was    ccndutted   wit^i    the    time   rfiinge 
o-f*   -four  Houro   ^nd    texnpemture   st    700      C.         It 
^vss   becoiriinc;  ajparent    tHs  t    the    percenta:^e    of" 
inatter   ext-'scted  ^'5s,    so    far,    incressing  vith 
the   tiiae   end    temperature.        At    the    second   hour 
of   this   run   it  v-as   noticed   that    visihle   fumes 
and    sulphur   trioxide  ^^ere    coming  off.         This 
seemed    to    point    to    the    fact   that    the   maximum 
point  v)S£    iiein;^' reac>i.ed    since  any    ^reat   de- 
crease   in   the   sulphate    radical   v-culd   merely 
mean  a    decrease    in    the    amiount    of    soluble   alu- 
mina. The    limit   of   four  hours   on   this   run, 
however,    sh-ored    no    decline    in   the    percentage 
of   extracted   matter.         As   had    Veen    the    case    so 
far,    the    fourth  hour   run      at    700°    C,    being   the 
longest    time    at    the   highest    temperature . (vdth 
exception   of    the    900°    run),    sho^^'ed    the    great- 
est  percentage   of   extracted   matter    so    far   ob- 
tained 
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1 
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Dsts    -for  Run   #5. 

Ft.    of      Temp,    of        Time   of  ^   loss        ^  of  ex- 

ore,  roasting,       roastino;,       in  pt.         tracted 

ir.sterial, 


25 

gr. 

700° 

C. 

1 

hour. 

25 

gr. 

700^^ 

c. 

2 

hours. 

25 

gr. 

700° 

c. 

3 

hours. 

25 

gr. 

700° 

'C. 

4 

hours. 

25 

gr. 

700° 

c. 

t; 

hours. 

25 

gi". 

700° 

c. 

^ 

hours. 

1^^.40  <  48.  ^.8  < 

17.88  ^  41.12  ^ 

21.36  ^  52.00  < 

18.40  ^'^  48.80  < 

22.24  ■"  52.04  '^ 

2  6.20  "^  39.  57  ^ 

Calculated    ^  K2SC4  in   <   Alum  <  total 

'^  Alr,(SC4  )t^   extracted    pcssihle.  K2SC4 

in  extrocted   material.  extracted 
i.iS  terial. 


27.80  "^.  25.44  <  37.48  ^  61.  5  ^ 

53.92  '^  25.08  <  5^^.19  ^^  51.4  '?' 

49.58  ^  27.72.^  71.31  '^  71.7  < 

57.20  ^  36.72  ^  77.30  "^  89.0  < 

49.70  ^  37.90  '^  71.  ^'3  ^  98.  0  f?; 

2.48  '^  50.40  ^''  27.17  €  98.9  ^ 


HUN   //•6. 

This  run,  in  accordance  "-ith  the  previous 
runs,  vas  made  at  800°C.    The  percentage  of 
extracted  matter  on  this  run  ^'a  s  sho"'''ing  a 
steady  decrease  "belov^  the  fifth  run  vith  each 
increase  of  timie  so  that  the  run  ^"as  stopped 
at  the  end  of  the  third  hour. 

The  data  so  far  obtained,  had  showed  the 


24, 


temper-^ tu re    st    700"^'    C    to   he    the   hest    tern.jer&- 
ture   at  ^hich  to   ^''orV,.        Ho^?eyer,    this   run  hed 
not    been    carried    beyond    r-i   rusxiiiium  point    in    the 
yield    so    th?  t    it   ^."^s   iiriposci  Me    to    str^te   viieth- 
er    the   rn^Jxirnurn   point  had    i^een   reached    or   not. 
For    this   reason    one   F^ore    run   yt^s  mf?de. 
Lnts. 


^"t.    0^        Tejn^j.  c"f          Time    o^          '^  loss 
ore.              rop.  stin^.       rosstin?_5.       in  vt. 

'^    of  ex- 
tracted 
material 

25    ?r.           800^ 
25    ?r.           800° 
25    gr.            800*^ 

Calculated 
^'  Al5,(£C4)3 
in   extracted 

icaterir^l. 

C.            1   hour.         14.92- 
C.           2   hours.       ^4. ^Ct 
C.            3  hours.       32.7^^ 

^;^  KpS,04   in        '^  Alum 
extracted           poscihle. 
i;.8  terial 

?9.84   ^ 
43.44   < 

27.  12    •'^ 

'^  of  ex- 
tracted 
rr.a  terial. 

29.48  < 
45.00"?^ 

31.48     'fa 

30.84   ff             24.  34   '^ 
41.18  ^             54.15   ^ 
6o.90   ^             23. ^2  ^ 

45.7   < 
89.0   ^ 
90.  3  ^ 

RUIT      #7 
This    run  v,'as  r.iade    to    follov.'    run   #5.         The 
temperature  "-as   kept   at    700^0.    -^r^c]    t^o    samples    ■ 
T!"ere    run,    one    for   five   hours,    the   other   for 
six  hours.         Upon   carryinf^    these    saKples    through 
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the  usual    routine,    it  ^-jsq    sho^n    definitely 
th?5t    the   m^ximuir  point  Fas  at    four   hours   and 
nt    700^    C. 

The    fifth   run  had    sho'i^n   the    test    condi- 
tions under  "'hich   to    operate   r-nnd.    it  ■'•'as   now 
decided    tc    try   cut    these    conditions   on   a    some- 
Tt?hat    lar^^er    scr^le    and   use    operating   conditions 
£Oii;e"p^ha  t    siiviilar   to    those  T"hich  vould    "he   used 
industrially.         fne   hundred    forty    t'"©    _:^rains 
of    the   material  -^'ere    roasted   under    the   he^t 
conditions,    follc"^"ed    hy    leaching  i"ith  T'ater 
and    this    in    turn   f clicked   "by   eva^joration  and 
crystallisation   of    the    alurcina.         Upon  evap- 
oration   the    soluticn    sho'^^'ed    fairly    lar^e 
vjeijhts    of   precipitate   -7hich  v;8  s    filtered    off 
and    could    not    a^ain   he    put    into    solution. 
Upon   concentration   and    crystallization,    three 
crops    of    crystals    .f^iving   ^    total    yield    of    60   "^ 
of  alum,    ^ms,   obtained.         In   calculating   the 
ratios    of   potash  and    alumina    given    experimen- 
tally  hy    the   test    conditions,    it   vas    seen    that 


the    yield    cf   r, Iuil    should    hsve   been  sljove    V.^"^. 
Uijon   considering^   the  laatter,    it   v^s   decided 
that    this   yield   vss   not    obtained    on    the    lar-^- 
er    run   due    to    sn   insufficient   aacunt    of   the 
sulphate   radicle.         The   niaterigl  ■'-hich  vjent 
into    solution  v/r.  s    evidently    the    basic    olum 
descrited   by  Blount   'ind    Eloxam.         An   equsl-      I 
ly    lar^e    scale    run  vas  Kade    on    ^.00   graiiis    of 
tbe    ore,    treated    in   a    sirtdler  manner   to    the 
previous   run  -"'ith   the    exception    that   be-fcre 
ccncentrs  ting   the    solution    f c  r    cr^'sta]  iza  tion 
enough   sulphuric   acid   ^-as   added    so    that    solu- 
tion  -jave   an   acid    reaction    to    litmus.         This 
was   a    small   sraount    in   this    case,    being   about 
one    cu!ric    centimeter.         This   liquid    gave  a 
yield    of    '75'''  of  aluiii  crystals    in   t^A'o    crops. 
The    remaining    liquid   ''as    discarded. 
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CCIXLUSICN. 

It    is    evident    th^it    the   test    ccnditicns 
for    the    extr'^icticn    of  nil    el  urn   froio    the    sp-m- 
ple    of   f^lunite   used    nre   a    roRstirigat    700^    C. 
for   four   hours   followed    hy  s    rcjjented    leeching. 
After   filtering,    the    filtrates   ^re   concentrat- 
ed   liy   one  rae^ns    or  another   and    the   ftluiTi  allov.'ed 
to    crystRllize. 

Tirae  v.'as   not    avsilotle    for    the    investig?!- 
tion   of    sanvjles   of   alunite    of   sny   other   compo- 
sition   than    this    cne    so    that    it    is    irn^ossihle 
to    st^'te  v-hether    these    conditions  ■^•ill    hold    "^or 
all    slunite    s^^iii^les   or   not.         Th^t   alunite    frora 
various   parts   of    the  ^-'orld    varies    in    cornposi- 
tion   is    evident    fror-   the   analysis   given  by   var- 
ious  authorities.         This   difference    in    cornpo- 
sition  may  account    for   the    varied    cond"'tions 
for    treatment    given. 

This  I'ork  r^as   done,    as    stated,    in   the 
electric   muffle.         It  would    prchahly    be   ad- 
visable,   before   using   any    such   process   as    this 
on  a    large    scale,    to   make    a    fev;    short    investi- 
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Htions   ^s    to    the   results    olnt'-^inefi    "oy    rofist- 
in^  "'ith  the  her^t   of  an  ope^n   flf^nie    sucH  as 
would   be    the    ccrditicn    in   a    lime   kiln   or   re- 
verbero tory    type   o"f  oven. 

It  vas   observed    that   after   ronsting   the 
rock   in   srriSi:    pieces,    the   pieces  "'ere    v^ry 
fri=itle  at    the   end   of   the   operation.         In  the 
industrial    operation   of    such  -^    process   os   this, 
it  v'culd   probably  "be   advisable    to    ro«  st    the 
material    in    sn.all    lumps  vhlch   could    then    l.e 
easily  pulverized    in  a    roll    mil].         The   pul- 
verized material  would    ^ive  more   e^^ficient 
le^chin;^   than    the    lumps.         The    leachin.^   should 
be    carried    out   'by  ^''arm  vater   in   some    form  of 
tank   fitted  ^'ith  a    stirrin-5  device   to   keep   the 
raaterial    in   agitation  -hile    leaching.         This 
vat    should    he    arranged   v.'ith   some    sort    of   coni- 
cal  bottom    so    as    to    render    the    removal   of    the 
residue  alunite   easy.        As   the    leachinj?   liquor 
settles   cut    very    clear,    a    small    filter  press 
v.'ould   handle    a    lar^e   volumfe   of   the    liquor   to 


reir.cve   s]}    remaining  undissolved    solid    mst- 
ter.        '"ooden   or    le^^id    lined    t-^rks    could    he 
used    ■f'or   the    concentre  tic n   ^nd    cryst^il  li  na- 
tion  o'f*   the   xuGteri?l.         Such   vats    could    be 
heated    by    ste??iii    coils.         A    vacuum   evajjcrn- 
tor    could    _jjrobably   be   used    e'f'ficiently    "for 
concentrating   the    li^-iuor    before    crystalli?.- 
ing.        After   recovery   the   alum   cryst^^ls   could 
be    dried    in   oir. 
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